Peripheral arterial catheters are indispensable tools for the continuous monitoring of blood pressure and repeated blood sampling in the critically ill [1] [2] [3] [4] [5] [6] [7] . However, catheter-related bloodstream infection is a leading cause of infection in intensive care units (ICU) [7] [8] [9] [10] [11] , which contributes to longer hospitalisation with concomitant increase in hospital costs and often results in higher patient mortality [11] [12] [13] [14] [15] [16] [17] .
There are currently at least three possible mechanisms which describe the process of microbial colonisation in arterial catheters, which may occur separately in different patients or simultaneously in the same patient. The first is the colonisation by micro-organisms occurring on the outside of the catheters, either via downward colonisation of micro-organisms from the patient's skin surface on the outside surface of the catheters 15, [18] [19] [20] [21] [22] [23] , or via upward colonisation where the micro-organisms are inoculated on the tips of the catheters at the time of insertion 24 . The second mechanism is the introduction of micro-organisms via the inside surface of the catheters, either via a contaminated infusate or via contamination of the port or hub of the device to which the catheters are connected 15, [18] [19] [20] [21] [25] [26] [27] . The third mechanism is the dissemination of micro-organisms from some other part of the patient's body and carried via the bloodstream to both the inside and outside surfaces of the catheters 22, 23 .
A retrospective study to determine whether accessing frequency affects the incidence of microbial colonisation in peripheral arterial catheters We were unable to demonstrate that the accessing frequency of an arterial catheter was a major predisposing factor for the likelihood of colonisation. Other mechanisms other than hub colonisation should be investigated further.
Within the Launceston General Hospital (LGH) ICU, arterial catheters are frequently accessed for arterial blood gas analyses (ABG) and routine blood sampling. It is a common assumption that the more frequently an arterial catheter is accessed, the greater the likelihood of contamination and colonisation to occur. As there has been little work published in relation to arterial catheters in this area, the aim of our study is to determine if the accessing frequency has an influence on the rate of their colonisation.
MATERIALS AND METHoDS

Study design
A retrospective, unmatched, nested case control study was carried out. This study involved collecting data retrospectively from the medical records of selected patients from a cohort of patients who had undergone a previous prospective surveillance study. Ethics approval was obtained from the Tasmanian Health Research Ethics Committee.
Patient demographics
The initial 24-month surveillance study was conducted in an eight-bed combined general ICU and co-located high dependency unit of a 350-bed Australian regional teaching hospital. The LGH ICU treats all forms of acute illnesses, with the exception of cardiothoracic and acute neurosurgical cases. The case mix of ICU patients was predominantly adults with 5 to 10% of paediatric cases.
Patient selection
The cohort of 321 arterial catheters originated from an earlier surveillance study conducted by Koh et al 28 , which included all short-term intravascular devices (peripheral arterial catheters and nontunnelled short-term central venous catheters) that presented to, or were inserted in the LGH ICU over a 24-month period, including both adult and paediatric patients. While we are aware that different uses for arterial catheters may exist amongst different ICUs, the arterial catheters in the LGH ICU are accessed only for regular ABGs and routine blood sampling. All 17 colonised arterial catheters, comprising those in 11 male and 6 female patients, formed the case group. The control group was randomly sampled (using the random-number generator function in Microsoft Excel™) without matching to the remaining 304 cases of uncolonised arterial catheters, with at least four controls per case. Matching of cases with controls was not appropriate in this study as such matching would have to account for the duration of time the arterial catheters were in situ. In situ time is a primary variable in the outcome of the study, and matching would artificially suppress the differences that may be present. A total of 79 uncolonised arterial catheters (male n=55, female n=24) formed the control group, making a total of 96 arterial catheters for the study.
Data collection
ABG results are written on the ICU chart and reflect the number of times the arterial catheter is accessed in the LGH ICU. The frequency of access was retrospectively determined by counting the number of times an ABG result was recorded on the ICU chart (which is filed with the patients' medical records), together with any occasions when blood sampling was performed. All patients included in this study had previous prospective data including patient identifiers, age, gender, Acute Physiology and Chronic Health Evaluation II (APACHE II) and Simplified Acute Physiology Score, APACHE II diagnosis categories, time and date of arterial catheter insertion and removal, place where and by whom the catheter was inserted and removed, length of ICU stay with catheter in situ, site of insertion and type of catheter used. Microbiological data such as blood culture results, catheter-tip culture results indicating the diagnosis of catheter-related blood stream infection were also retrospectively obtained from the patients' medical records.
Arterial catheter management
All arterial catheters were inserted in or presented to the ICU. All were inserted by trained medical personnel under aseptic conditions, and management was standardised. Accessing the catheter was carried out aseptically by trained nursing staff. The port of the sampling line is swabbed before and after access with alcohol, residual blood is flushed onto sterile gauze and a new sterile cap applied. The site was inspected daily for any evidence of inflammation or purulence. The catheter was not changed on a routine basis. Removal of the catheter was at the discretion of the medical staff either because it was no longer required on clinical suspicion of infection, or due to mechanical failure.
Microbiological definitions
The following definitions of arterial catheter infection were applied: colonisation=tip culture of >15 colony-forming units 15, 29, 30 ; catheter-related blood stream infection=catheter tip culture of >15 colony-forming units, plus a positive blood culture taken within 48 hours of catheter removal with the same micro-organism and antibiogram, with no other obvious source of infection elsewhere 15, 29, 30 .
Arterial catheter types
Several types of arterial catheters were used in this study; Arrow™ (Arrow International, PA, USA) 20G (3.81 cm), Arrow "Quickflash"™ (Arrow International, PA, USA) 20G (3.81 cm), BD Insyte™ (Becton Dickinson, UT, USA) 20G (3.0 cm), Smiths/ PvB™ (Smiths Medical, Deutschland GmbH) 20G (8.0 cm) and Smiths/PvB™ (Smiths Medical, Deutschland GmbH) 20G (20.0 cm, use confined to the femoral artery). Choice of catheter was at the discretion of the clinician performing the procedure.
Statistical analysis
Demographic variables were compared using logistic regression for categorical variables (gender and APACHE II illness category) expressed as odds ratio and using unpaired t-tests for continuous variables (age, gender, duration of ICU stay, duration of hours ventilated, APACHE II and Simplified Acute Physiology Scores). Cox proportional hazards regression was used to estimate the relative hazard rates associated with different rates of access for each arterial catheter, treating colonisation on catheter removal as a qualifying terminating event.
The association between the rate of accessing and the likelihood of colonisation in each arterial catheter was analysed, dividing it into low, medium and high rates of accessing the catheter. Estimates of hazard ratios with 95% confidence intervals (CI) adjusted for confounding variables and P values were corrected for multiple comparisons where appropriate by the Holm method. Time-to-event graphs were drawn to illustrate the occurrence of these events over time. All statistical analyses were performed using STATA™ Statistics/Data Analysis version 10.1/ IC (StataCorp, College Station, TX, USA.).
RESULTS
A total of 96 patients were selected for this study and their characteristics are listed in Table 1 . There were 17 cases with colonised ACs (mean age of 60.2±17.2 years; 11 males and six females) and 79 patients with uncolonised ACs in the control group (mean age 62.1±17.6; 55 males, and 24 females). The gender balance was similar in the two groups (odds ratio 0.80, P=0.69) and the principal admission 
Primary outcome
The 17 arterial catheters had a mean in situ time of 6.49 days (SD±3.9) and an access rate of 8.12 times (SD±5.4) per day. Uncolonised catheters (n=79) had a mean in situ time of 3.13 days (SD±2.6) and an access rate of 7.38 times (SD±2.4) per day. No association was found between the rate of accessing catheters and the duration of catheter time in situ (r 2 =0.046, P=0.22). Distribution of this access rate was irregular and skewed so the catheters were divided into three equal-sized groups comprising low access (0 to 6.6 times accessed per day, six colonised of 32 patients), medium access (6.7 to 8.0 times accessed per day, six colonised of 32 patients) and high access (8.1 and more times accessed per day, five colonised of 32 patients). The likelihood of colonisation at the time of catheter removal is shown in a Kaplan-Meier time-to-event graph (Figure 1) . A small, statistically insignificant increase in colonisation rates was found between catheters accessed 6.7 to 8.0 times a day (hazard ratio, 1.35, 95% CI, 0.37 to 4.92, P=0.65) and 8.1 or more times per day (hazard ratio, 1.69, 95% CI, 0.52 to 5.49, P=0.77) (P for trend=0.38) compared to those accessed to fewer than 6.6 times per day, when adjusted for anatomical site of insertion of the catheter and the place in hospital where the catheter was inserted.
DISCUSSIoN
This study demonstrates that there is no clear increase in rate of arterial catheter colonisation with increasing rate of accessing arterial lines for blood sampling, in the context of the implementation of Centres for Disease Control and Prevention (CDC) recommended guidelines related to the care and management of arterial catheters. This effect can be seen when the raw numbers of colonised and uncolonised catheters are examined, or when account is taken of duration of catheter time in situ and other potentially confounding factors (anatomical site of insertion and place in hospital of catheter insertion, age and disease severity scores). Catheters which had a high mean access rate of 8.1 or more times per day or catheters with a medium mean access rate of 6.7 to 8.0 times per day were not significantly more colonised when compared to catheters which had a low mean access rate of 0 to 6.6 times per day. Thus no significant statistical differences were found between the three categorical rates of accessing the arterial catheter, providing an absence of evidence for the contention that, in our patients and in our ICU, increased accessing frequency would relate to increased colonisation in arterial catheters, supporting findings of an earlier study by Widdowson et al 37 . This phenomenon might be attributed to the strict infection control policies, particularly catheterinsertion asepsis, the early removal of arterial catheters when no longer required and the strict adherence to CDC protocols implemented for the care and management of the catheters throughout the duration time in situ, thus preventing what might otherwise have occurred 7, 30 . Studies on catheter-related bloodstream infection have focussed on central venous catheters, instilling a belief that arterial catheters are rarely associated with bloodstream infection 3, 7 as per the CDC guidelines of 2002 15, 30 . However, other studies have shown that catheter colonisation and catheterrelated bloodstream infection rates can be similar to concurrently-sited central venous catheters which are identically managed 28, 31 . our study focussed on arterial catheters based on the assertion that these should be viewed with the same degree of importance as central venous catheters as a potential source of sepsis when they remain in situ for similar periods of time 3, 28 . Several studies have suggested that hub contamination is a common source of arterial catheter colonisation 26, [32] [33] [34] [35] [36] [37] . These studies suggest that micro-organisms may be introduced into the hub of the catheter from the hands of medical and nursing staff 26, [32] [33] [34] [35] [36] [37] . These micro-organisms, once introduced to the hub of the catheter, will migrate along the internal surface of the catheter, leading to luminal colonisation and blood stream infection 13, 26, [32] [33] [34] [35] [36] . In our ICU, the arterial catheter is routinely used for daily blood sampling, frequent ABG analyses and continuous intra-arterial pressure monitoring. As the hub is handled during these procedures, we hypothesised that there was a possibility that frequent manipulation increases the likelihood of contamination. This present study was an indirect test of this hypothesis, with the expectation that higher rates of accessing would encourage higher rates of internal catheter colonisation and thus higher rates of catheter tip colonisation.
our study also demonstrated that increased likelihood of colonisation of arterial catheters occurs as in situ time increases, that about 50% of these catheters will become colonised if left in situ for nine days or longer, and most will become colonised after 12 days in situ, regardless of the rate of access whether they belonged to the low, medium or high rate groups of catheter access respectively. Previous studies have shown similar results 3, 5, 6, 24, [37] [38] [39] [40] [41] [42] [43] [44] . There was also a higher colonisation rate in catheters inserted in the femoral site compared to those inserted in the radial site 28 .
Limitations
The measurement of intravascular device colonisation, of which the arterial catheter is an example, is problematic. We are unaware of any practical method for ongoing measurement of microbial colonisation of catheters while they remain in situ that does not involve the potential for serious adverse effects on the patient. It might be possible as part of a research study to remove the catheters at randomly allocated preset times, in order to mimic ongoing measurements of microbial colonisation, but this would involve gross interference with routine clinical practice, with a considerable number of catheters being resited, to the detriment to any patients included in such a study. Thus we are forced to interpret routine clinical data, which is inherently incomplete, based on theoretical models of currently unknown validity.
The choice of the catheter tip, as opposed to any other part of the catheter, for microbial sampling to determine colonisation of the catheter is based on the assumption that whatever the relative levels of microbial colonisation at different points on the internal and external surfaces of the catheter, it is not until microbial colonisation at the tip at a certain level (e.g. 15 colony-forming organisms) can be measured that the risk of blood-borne microbial dissemination begins to rise significantly. We contend that in order to investigate the validity of this assumption, an initial approach might be to examine the levels of colonisation at different points on the internal and external surfaces of a series of arterial catheters and other intravascular devices, comparing each point with the other in the same catheter. Higher rates of colonisation on the external surface, and a gradient of higher levels of microbial colonisation from the proximal end to lower levels at the distal end of the catheters, might explain why the absence of association was not found in this study. We are currently conducting such a study.
A further limitation of the study is the absence of a suitable simple method of statistical assessment of the data. Exponential microbial growth is reflected in the increasing proportion of cases found to be colonised the longer they remain in situ before removal, as shown in Figure 1 , but colonisation is measured only at catheter removal. There appears to be no simple method of statistical analysis of which the assumptions match the data that can be generated in routine clinical practice. The statistical analysis must take into account duration of the catheter in situ. Cox proportional hazards regression uses time-to-event and event occurrence as its basic parameters, so matches the data generated, but it assumes that event occurrence determines the time, while in this case the time determines the event.
Poisson regression and logistic regression make no assumptions about when events occur, except that Poisson regression assumes that the events are randomly scattered in time, while logistic regression does not take time into account at all but allows time to be treated in the same way as any other covariate. Microbial growth would normally be analysed by non-linear regression (fitting data to curves), but this requires multiple measurements of microbe counts over time, which cannot currently be made in clinical practice. Thus, we acknowledge our statistical analysis to be sub-optimal, although the best we had available, but that repeating the analysis using the alternative methods produced similar results that did not suggest any different interpretation of the data.
CoNCLUSIoN
In conclusion, although the hub of an arterial catheter could be a potential source of microbial colonisation if it is contaminated during manipulation or accessing, we did not demonstrate that the accessing frequency of the catheter was a major predisposing factor of colonisation in this study. Stringent CDC infection policies may limit arterial catheter access as a source of colonisation, but it is more likely that microbial colonisation of the arterial catheter is mainly due to its length of time in situ, and the resultant colonisation by skin microorganisms. We recommend that other mechanisms other than hub colonisation should be investigated further.
